Abstract: Rugby is a sport that is growing in popularity. A contact sport par excellence, it causes a significant number of injuries. In Rugby Union, there are 30 to 91 injuries per 1000 match hours. This epidemiological review of injuries incurred by rugby players mentions the position and type of injuries, the causes, time during the match and season in which they occur and the players' positions as well as the length of players' absences following the injury.
Introduction
Rugby Union is known as a contact sport [1] . Fighting for possession of the ball (during contact, when running, when the game starts again with a scrum or lineout, or when the ball is kicked back and forth) is one of the basic characteristics of the game [1] . The aim for the team in possession of the ball is two-fold: to retain possession of the ball or to deprive the other team of the ball by moving it forward and to score points using their technical and physical abilities.
The epidemiological survey of injuries occurring during this sport (by position, time of match, type of surface, etc.) is required to highlight the risk factors for injuries and to be able to establish specific preventative protocols for each position [2] .
Due to the difficulty of comparing data without a common method of data collection, the International Rugby Board (IRB) has developed, in 2007, definitions and procedures to improve the quality of data collected and reported in future studies of Rugby Union injuries [3, 4] . This could help IRB to adapt even more efficiently the rules in the future. Moreover, the adoption of broadly similar definitions and methodologies across sports should enable meaningful inter-sport comparisons of results to be made [3, 4] . Even if, in this review, most of the studies presented followed the consensus guidelines, some have not followed them because they were carried out before 2007.
Depending on the authors, the injury rate in Rugby Union ranges from 30 to 91 or even 120 per 1000 match hours [5] [6] [7] [8] [9] [10] . It is rarer for injuries to occur during training (6/1000 training hours) and these generally affect the lower limbs [10] . During the last World Cup in New Zealand, the injury rate rose to 89.1/1000 match hours and 2.2/1000 training hours [11] .
Location of Injuries
Most injuries occurring during a match affect the lower limbs (30% to 55% of injuries), followed by head and upper spinal injuries (14% to 30%), the upper limbs (15% to 20%) and finally the torso (10% to 14%) [7, [12] [13] [14] [15] . It should be specified that in professional players, the head (including concussions) is the part of the body that is most often affected (25%), followed by the knee (14%-20%), thighs (13%-19%) and ankle (11%), then the shoulder (6.5%), hand (5.6%), leg (5.6%) and foot (3.5%) [8, [16] [17] [18] [19] .
In conclusion, lower-limb injuries occurred more often than injuries to other body regions, but differences between the remaining body regions were unclear in all studies [20] .
Types of Injuries
More than half of injuries (55%) affecting professional players are closed soft tissue injuries [7] . These are followed by all other injuries, divided into capsular/ligament sprains or tears (20%-34%), muscle/tendon strains or tears (20%-29%), open wounds (12%-27%), bruises/hematomas (10%-22%), fractures (4%-14%), dislocations/subluxations (4%-10%) and, finally, cerebral concussion (3%-10%) [7, 10] (Table 1) . Some injuries have more serious consequences than others. Spinal injuries can lead to catastrophic neurological consequences (tetraplegia) and deaths have been reported [22, 23] . The rate of this type of injury has decreased in recent years [24] , as the rules of the game relating to entry into the scrum have changed, to ensure greater safety for the players [25] . However, the rate of acute spinal cord injuries with permanent neurological damage and traumatic brain injuries remains at 4.25/100,000 players, according to a study carried out between 2008 and 2011 in South Africa [26] . However, due to a low incidence of this type of injury and to a lack of epidemiological census, there exists an issue here to estimate exactly the number of injuries of cervical spinal cord in any given country [24] . However, this data is comparable to that observed in other contact sports, such as American football, but, this rate of catastrophic injuries is higher than in mountain biking [27] but lower than in horse riding [28] or paragliding [29] . In the lumbar region, violent collisions, sometimes combined with a pre-existing disc problem, can cause paraplegia [25] .
In conclusion, ligament and tendon-muscle injuries were the most common, even if there exist no clear differences between them in the different studies [20] .
Cause of Injuries
Most injuries (70%) occur following contact with another player [6, 30] . Tackling causes most injuries (between 36% and 58%), 23%-29% in players who are tackled and 13%-27% in players tackling; the frequency increases for faster players [10, 30] . Other studies confirm a higher rate of injury in players being tackled [5, 8] . The injury rate as the result of tackles can be divided as follows: 39.1% for tackles from the side, 30.4% for tackles from the front, 26.2% for tackles from behind [31] . Of injuries suffered during tackles, 22% were to the neck, head or face, 17% to the knee, 14% to the shoulder, 10% to the arms and hands, 8% to the ankles and 8% to the thighs [6] . Players who were tackled mostly suffered injuries to their lower limbs (51%), in comparison with their upper limbs (15%) and head (17%), while players who were tackling mostly suffered injuries to their arms (35%), followed by the head (28%) and the lower limbs (27%) [6] . Other reported causes of injury, such as rucks and mauls (15% to 36%), running and changing direction (10%) and entry into the scrum (1% to 7%), cause fewer injuries [8, 10, 13, 15, 30, 32] , but these can potentially be more serious, particularly in relation to entry into the scrums [22, 23, 26] . Approximately 40% of all rugby-related spinal cord injuries can be attributed to the scrum [24] . During the engagement phase, the forces generated at the interface between the two front rows during scrummaging are considerable and include forces in multiple directions, mainly forward but also downward [24] . This is the reason of the changing rules of the game relating to entry into the scrum to avoid this type of catastrophic injury [23] .
The cause for around half of ankle injuries (53%) is contact, 35% are non-contact incidents with another player and 12% are due to unknown causes [18] . The majority of shoulder injuries occurring during matches follow contact with another player (97%) [21] , mostly during tackles (65%; 40% for players tackling, 25% for players being tackled). A large proportion of dislocated shoulders and acromioclavicular disjunctions occur during tackles [21] . Seventy-two percent of knee injuries during matches occur during contact, 22% are non-contact related and 6% have no known cause [17] . Tackles cause the largest proportion of knee injuries [17] .
Injuries also occur as the result of foul play, which is rarely penalized by the referee, with proportions ranging around 13% [14] . Of all injuries, 5% are as the result of foul play [6, 8] . Head injuries (including injuries to the face and eyes) and muscular contusions were found to occur more frequently in foul play than non-foul play [14, 33] . During the last World Cup, tackles caused the most injuries in matches (45%), while contact caused the most injuries during training [11] . Few studies evaluate the impact of the grass on injuries in sports. In Rugby Union, only one was find [34] . When a match takes place on grass, 26.9 injuries per 1000 match hours are recorded; on synthetic surfaces, injury rate seems to increase to 38.2 per 1000 match hours (Table 2) . However, further studies are needed to clarify the relation between the surface and injuries in Rugby Union.
In conclusion, being tackled and, to a lesser extent tackling, resulted in more injuries than any all other match incidents [20] .
Time of Match when Injuries Occur
In one study, 46% of injuries took place during the first half and 40% during the second half; for the remaining 14%, information was not provided [14] . For other authors, more injuries take place during the second half (between 55% and 70%) than in the first half (between 30% and 45%). Many authors note that the number of injuries increases as the match progresses [6, 8, 14, 33, 35] , but it appears that the most critical periods are the second and, above all, the fourth quarter [30] .
A lower proportion of ankle injuries occur during the first half (42%) in comparison with the second (58%). The majority of these injuries take place during the last 20 min of the game (35%) [18] . Achilles tendon injuries are more likely to occur in the first half, while collateral ligament ankle injuries are more likely in the second half [18] . In relation to the shoulder, the injury rate increases as the match progresses [21] . Knee injuries most often occur in the second half (58%) and mainly during the last 20 min of the match (32%), with a lower incidence at the start of the match [17] .
In conclusion, injuries occurred more often in the third quarter of matches (40-60 min) than other match periods, although the incidence rate was only possibly greater than the second and final quarters [20] .
Players' Positions
The injury rate (Table 3) as the result of foul play remains similar for forwards and backs [33] . The overall rate of injuries during a match due to contact is higher for forwards than for backs, linked to the greater exposition to physical collisions; each team carries out an average of 300 tackles, with an average of 55 collisions for the forwards, while the backs are only exposed to an average of 29 [8] [9] [10] . Tackling leads to more injuries for backs and the rate of injuries during rucks or mauls is significantly higher for forwards [6] . The seriousness of injuries during a match does not differ significantly between forwards and backs, although authors do not seem to agree on the injury rate [14, 17, 18, 21, 32, 35] .
Analysis of the injury rate during the last World Cup showed that the backs suffered more injuries (93.8/100,000 match hours) than forwards (85.0/100,000 match hours) and that they presented more serious injuries during matches, but less serious injuries during training than forwards [12] .
Opinions are divided on this issue. For some authors, second row players have a higher rate of injury, while positions 9, 10 and 12 present a lower injury rate than the other positions [14] . For others, the hooker and fly-half positions have the highest injury rate while the right locks and open-side flankers suffer from the most severe injuries [8] .
In terms of substitute players, the flankers followed by the props are the positions, which are most often substituted for injury reasons [15, 33] ; in terms of the backs, it is the wings and centers who predominate. The substitution rate is very similar for all backs [15, 33] .
In conclusion, even if the incidence of injuries between forwards and backs is similar, injuries seem to be more severe for the forwards [20] . 
Absence Time
Injuries are classified into three categories depending on the length of absence from competitive play. Minor injuries are those for which the length of the absence is less than one week. When a player is absent for between one and three weeks, the injury is considered to be moderate. After three weeks of absence from competition, the injury is said to be severe. Most injuries are considered to be minor (64%-82%), with moderate injuries (10%-18%) and severe injuries being less frequent (8%-22%) [8, 10, 15, 32] .
Knee injuries lead to the greatest number of days off (21%) followed by dislocated shoulders (15%); the consequences of thigh (11%) and ankle (10%) injuries are even lower [6, 17, 18] .
In terms of knee injuries, damage to the anterior cruciate ligament led to 29% of days off, 26% resulted from injury to the medial crucial ligament and 21% from chondral meniscal injuries [17] .
For shoulder injuries, dislocations represent 42% of days off [18] . Injuries to the acromioclavicular joint and the rotator cuff are a little less severe, each representing around 20% of player days off [32] . Injuries to the lateral collateral ligament (29%) and to the Achilles tendon, excluding ruptures (27%), represent the longest absences for ankle injuries [18] . In terms of muscular hamstring injuries, injuries are classified into the following three categories, 37% are recognized as minor, 37% as moderate and 26% as severe [35] .
In conclusion, minor and moderate injuries represent the vast majority of all injuries of rugby players.
Conclusions
Rugby Union is a sport that is growing in popularity. A contact sport par excellence, it causes a significant number of injuries. The different epidemiological surveys observed that lower-limb injuries occurred more often than injuries to other body regions; ligament and tendon-muscle injuries were the most common, minor and moderate injuries represent the vast majority of all injuries of rugby players. Even if the incidence of injuries between forwards and backs seem similar, injuries seem to be more severe for the forwards; being tackled and tackling resulted in more injuries than any all other match incidents and injuries occurred more often in the third quarter of matches.
In 2004, the IRB established a working group to review the existing Laws of the Game with the aim of identifying ways in which the appeal of the game could be enhanced [1] . The efficacy of these proposals was initially assessed by the IRB during 2007 and 2008 in competitions essentially in southern hemisphere countries. However, the incidence, nature and causes of injuries remained similar to those under the previous Laws of Rugby [36] . Moreover, no differences could be seen in terms of the rate, cause and severity of injuries in the last two World Cups in 2007 and 2011 [11, 37] .
To improve the quality of epidemiological studies, the IRB has developed a specific methodology, which could help to adapt the rules even more efficiently to decrease injuries in rugby union.
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